Abstract The groundwater sources in the El Elma plain have been evaluated for their chemical composition and suitability for irrigation uses. Cluster analysis in Q-mode resulted in three major water types (HCO 3 --Ca-2? dominated, Cl --HCO 3 --Ca 2? -dominated and Cl --Ca 2? -Na ? -dominated) for the groundwater. The US salinity diagram illustrates that most of the groundwater samples fall in C3S1 quality with high salinity hazard and low sodium hazard. Based on RSC values, all the samples of the three groups had values less than 1.25 and were good for irrigation.
Introduction
Quality of groundwater is equally important to its quantity owing to the suitability of water for various purposes. Water quality analysis is an important issue in groundwater studies. Variation of groundwater quality in an area is a function of physical and chemical parameters that are greatly influenced by geological formations and anthropogenic activities (Belkhiri et al. 2010) .
The hydrochemical study reveals the quality of water that is suitable for drinking, agriculture and industrial purposes and helps in understanding the change in quality due to rock-water interaction or any type of anthropogenic influence (Kelley 1940; Wilcox 1948) . The chemical parameters of groundwater play a significant role in classifying and assessing water quality. It was observed that the criteria used in the classification of waters for a particular purpose considering the individual concentration may not find its suitability for other purposes and better results can be obtained only by considering the combined chemistry of all the ions rather than individual or paired ionic characters (Handa 1964 (Handa , 1965 Hem 1985) . Chemical classification also throws light on the concentration of various predominant cations, anions and their interrelationships.
The present work had the objective of understanding the spatial distribution of hydrochemical constituents of groundwater related to its suitability for agriculture and domestic use and application of cluster analysis.
Study area
The study area is located in the East of Algeria (Fig. 1) . Most of its inhabitants are concentrated in the town of El Eulma with more than 30,000 inhabitants working mainly in the production of cereals (barley, corn). The climate of the study area is considered to be semi-arid region, with an annual precipitation being approximately 421 mm. The rainy season extends from October to May, with a maximum rainfall during December and March of each year. The mean monthly temperature varies between -3 and 38°C, the mean annual temperature of 15°C. The vegetation of the study area is characterized by grasses and herbs. Soils are generally sandy to clayey in texture and mostly classified as arid-sol and are calcareous. Mineralogically, most of the soils are dominated by kaolinite, illite, smectite, and chlorite, typical for most arid and semi-arid soils. The presence of smectite suggests specific sites for sodium adsorption.
Rocks and unconsolidated deposits in the area can be divided into three geologic units (Savornin 1920; Galcon 1967; Guiraud 1973; Vila 1980) : (1) upper Cretaceous (Senonian), (2) Eocene and (3) Mio-Plio-Quaternary. Senonian (upper Cretaceous) is generally found in the northern part of the study area. Senonian units composed of Santonian-Campanian formation and upper Senonian formation. These formations consist of various rocks with differing compositions including limestone and marl of about 550 m thick. Eocene units are composed of Ypresian-Lutetian formation (Fig. 1) . Eocene rocks consist of a succession of marine, limestone and silt of about 80 m thick. The Mio-Plio-Quaternary is a heterogeneous continental detrital sedimentation. The study area is situated in the alluvial plain of the Mio-Plio-Quaternary. Shallow groundwater mainly occurs at 5-80 m below the surface. Groundwater is recharged by vertically infiltrating meteoric water in the basin and by stream water coming from different reliefs surrounding the inter-mountainous depression of El Eulma. The pumping tests on different wells showed high transmissivity (10 -3 m 2 /s) indicating high yields.
Materials and methods

Sample collection
A set of 38 groundwater samples was analyzed for 11 physical and chemical parameters comprising major ion concentrations (Ca 2? , Mg 2? , Na
-, NO 3 -), electrical conductivity (EC), temperature and pH. The samples were collected in four acid-washed polypropylene containers from wells located in the El Eulma aquifer, East of Algeria (Fig. 1 ) after pumping for 10 min to remove stored water in the wells. Each sample was immediately filtered using 0.45 lm filters of acetate cellulose and was transferred into 100 ml polyethylene bottles. The samples were immediately acidified, bringing down the pH to \2 by the addition of Merck TM ultrapure nitric acid (5 ml 6 N HNO 3 ), and were used for cations' (i.e., alkaline earth and alkali metals) analysis. Samples for anions' analysis were collected into 250 cm 3 polyethylene bottles without preservatives and were stored in an ice chest at a temperature of \4°C and later transferred to the laboratory and stored in a refrigerator at a temperature of \4°C until analyzed (within 1 week). Immediately after sampling, temperature, pH and electrical conductivity (EC) were measured in the field using a multi-parameter WTW -, using standard methods as suggested by the American Public Health Association (APHA 1989 (APHA , 1995a (APHA , 1995b 2-by turbidimetric method (Clesceri et al. 1998) . Nitrates, NO 3 -, were analyzed by colorimetry with a UV-vis spectrophotometer (Rowell 1994) . Standard solutions for the above analyses were prepared from the respective salts of analytical reagents grades.
Cluster analysis
Multivariate statistical techniques, such as factor analysis or principal component analysis, provide more insight into the underlying structure of a data set, the use of these techniques might require further analyses to identify distinct groups. Cluster analysis (hierarchical clustering; Davis 1986), on the other hand, is a useful way of objectively organizing a large data set into groups on the basis of a given set of characteristics. This can ultimately assist in the recognition of potentially meaningful patterns (Swanson et al. 2001) .
To identify possible groups and relationships among the samples analyzed based on major chemical compositions, ion species Ca 2? , Mg 2? , Na ? , K ? , Cl -, SO 4 2-, HCO 3 -and NO 3 -were considered as variables for application in Q-mode cluster analysis. The clustering procedure was performed by the Ward's linkage method with the Euclidean distance as a measure of similarity of samples using the software STATISTICA Ò (1998).
Results and discussion
Groundwater chemistry values were mainly those collected near urban areas. The high concentration of NO 3 -is likely to be related to wastewater leakage from industrial activities, urbanization and agricultural practices. NO 3 -concentration, reaching a maximum of 161.2 mg/l, is also high due to the intensive agricultural practices.
Cluster analysis
The output of the Q-mode cluster analysis is given as a dendrogram (Fig. 2) . Three preliminary groups are selected based on visual examination of the dendogram, each representing a hydrochemical facies ( Table 2 ).
The first group of waters, group 1, has low salinity (mean EC = 937 lS/cm) and abundance orders (meq/l) (Fig. 3) . The most pronounced characteristic of this group is the increase in the Cl -content (Fig. 4) .
Irrigation water quality
The suitability of groundwater for agricultural purposes depends on the effect of mineral constituents of water on both plants and soil. Effects of salts on soils causing changes in soil structure, permeability and aeration indirectly affect plant growth. Wilcox (1955) and US Salinity Laboratory Staff (1954) proposed irrigational specifications for evaluating the suitability of water for irrigation use. There is a significant relationship between sodium adsorption ratio (SAR) values for irrigation water and the extent to which sodium is adsorbed by the soils. If water used for irrigation is high in sodium and low in calcium, the cation exchange complex may become saturated with sodium, which can destroy the soil structure owing to dispersion of clay particles (Singh 2002) . SAR was computed using the equation given below (Richard 1954) :
where the concentrations are reported in meq/l. The SAR values ranged from 0.71 to 6.95 with a mean varying from value of 1.16 ± 0.36 to 3.58 ± 1.97 in the three groups (Table 3 ). All samples fall in low sodium class (S1) ( Table 4 ). This implies that no alkali hazard is anticipated to the crops. If the SAR value is greater than 6-9, the irrigation water will cause permeability problems on shrinking and swelling of clayey soils types (Saleh et al. 1999) .
The SAR and electrical conductivity values plotted on the US salinity diagram (Richards 1954) illustrate that most of the groundwater samples of the group 1 belong to the categories C2S1 (medium salinity and low sodium) and C3S1 (high salinity and low sodium or alkali) (Fig. 5) . All samples of the group 2 and most samples of the group 3 fall in the field of C3S1, indicating high salinity and low sodium water, thus they can be used for irrigation on almost all types of soil with little danger of exchangeable sodium (Fig. 5) . Three samples of the group 3 fall in the field of C4S2, indicating very high salinity and medium sodium hazard. These samples will be suitable for plants having good salt tolerance and hence restricted suitability for irrigation, especially in soils with limited drainage (Karanth 1989; Mohan et al. 2000) . The sodium percentage (Na %) is calculated using the formula given below, where all the concentrations are expressed in meq/l:
The Na % of groundwater samples ranges from 16.12 to 55.07 with a mean of 22.14 for group 1, 30.40 in group 2 and 38.49 in group 3 (Table 3 ). The Na% indicates that the groundwater is excellent to permissible for irrigation in the three groups (Table 5) (Ragunath 1987) . The Wilcox (1955) diagram relating sodium percentage and electrical conductivity values shows that most of the groundwater samples fall in the field of good to permissible (groups 1 and 2) except a few samples falling in the fields of doubtful and unsuitable category for irrigation (group 3) (Fig. 5) . When the concentration of sodium is high in irrigation water, sodium ions tend to be absorbed by clay particles, displacing Mg and Ca ions. This exchange process of Na in water for Ca and Mg in soil reduces the permeability and eventually results in soil with poor internal drainage. Hence, air and water circulation is restricted during wet conditions and such soils are usually hard when dry (Collins and Jenkins 1996; Saleh et al. 1999 ).
In addition to the SAR and Na%, the excess sum of carbonate and bicarbonate in groundwater over the sum of calcium and magnesium also influences the unsuitability of groundwater for irrigation. This is denoted as residual sodium carbonate (RSC), which is calculated as follows (Ragunath 1987) :
where the concentrations are reported in meq/l. According to the US Department of Agriculture, water having more than 2.5 of RSC is not suitable for irrigation purposes. Groundwater of the study area was classified on the basis of RSC and the results are presented in Tables 3  and 6 for the three groups. The RSC values range from -12.46 to -1.58 with a mean of -4.14 ± 2.58 for the first group, from -12.53 to -4.2 with a mean of -6.66 ± 2.29 for the second group and from -13 to -6.4 with a mean of -9.38 ± 2.41 in the last group (Table 3) . Based on RSC values, all the samples of the three groups have RSC values less than 1.25 and were considered good for irrigation (Table 6) .
Conclusion
This study was conducted to evaluate factors regulating groundwater quality in an area with agriculture as main use. Thirty-eight groundwater samples have been collected from El Eulma area (Algeria) for hydrochemical investigations to understand the sources of dissolved ions and assess the chemical quality of the groundwater. Majority of the groundwater samples exhibit that the alkaline earths ) and weak acids exceed the strong acids (Cl -? SO 4 -2 ). Q-mode cluster analysis was applied to groundwater quality data sets, and generated three clusters (groups 1, 2 and 3). The values of sodium absorption ratio and electrical conductivity of the ground water were plotted in the US salinity laboratory diagram for irrigation water. Most of the samples fall in C3S1 quality with high salinity hazard and low sodium hazard. Based on RSC values, all the samples were classified as suitable for irrigation (Table 7) .
Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction in any medium, provided the original author(s) and the source are credited.
